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(54) NITRIDE SEMICONDUCTOR ELEMENT 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a nitride 
semiconductor element of high power efficiency. 

SOLUTION: On a substrate, there are provided an n-type 
nitride semiconductor layer region in which an n-side 
contact layer, an n-side clad layer, and an n-side light 
guide layer are laminated. An active layer comprising 
the nitride semiconductor formed on the n-side light 
guide layer, and a p-type nitride semiconductor layer 
region in which, being formed on the active layer, a 
p-side light guide layer, a p-side lad layer, and a 
p-side contact layer, are laminated. The p-side clad 
layer is a super-lattice layer in which a first layer 
comprising a nitride semiconductor of film-thickness 10 
to 100 &angst;, comprising no Al, and a second layer 
comprising a nitride semiconductor of film-thickness 10 
to 100 &angst;which has a composition different from the 




first layer but contains Al, are laminated. 
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ft<-e**o coJ:o^®^ : f-^^P^fi!l^»iS:'r4*& 
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<0Jf) iAlvGai-vN (O^Y^K X*Y = 

o) frhtah%2<nm m\<nm) tnctWL 
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4 v 'fife?* li > n aafttt ^MHMi *«t?* n«f flHt 
gfc£1£fcOIWJCj3«t&^i^WlgT-&oT*> J: < , - 

[0 0 2 9] JUniTCWSiitg^iU, £1 

Z t , ri'offi^i ? 7 y * - £ **T- 

*Sfltt*JIMlWi::&<i-4;ifca t -c , £*o :o* 
*, *£ B B B t££;*>S »)aft-9-t&<, ^ft^K-Tfi 
£^<-e#, cni:iot, nS^bl^SteS, pi 

# , *»o»* + T K <fc o TffcSL£ ft£ £ t 

aoSfb^#-*^t-Jt«LrJStt$«r 1 «fJ£H±fi< -r* 
[0 0 3 0] ftoT, 1 oaft*^*ff*T- 

(LEDSff) T'li, ft*, fi«!fc&SMbtt#*tf* * 
»4Ci:* f B1*-C*ofcp«1H (plfillWi* (p 

it) ) OpI?77 KiS^M^iifflV'TML 
T, Spfi>7-; Kg5<Oi£tjtfl6Srfi:<i-*CtlcJ: 

vf*ft<nct^*4. oil), pasfb« 

#»«t*j& f 2*rJA±*v\, f<?)^ploiW§^P 

U«n* 0 ft*, pBMtffifcfettttLT. PS 
£ K - 7* L fcfif fcW*ilH*« * T - - U > 7" L 

«-r*tt«* t ftl'bltrv»* (#tH&2 5 4 0 7 9 1 
*) . L*>U pS<7)Sfb»*^d s W^n^t^oX 

pli^pIoilSfittictCJ; •9^ B H4**A< 
&»), fit* <r>mt l- i Z> t , tep^oigtt^^^ilscib 
Kit, lfifm±fi<-f*-i:^r-#, V f wfffcTS-e 



(7) ^2 0 0 3- 1 0 1 1 6 0 

[oo3i] ttz, *mmitm. i t-i±, ireo <t ^ u» 

iL<l±miV>m (*2C0H) HnxGai-xN 
(O^X^l) U, |2<0f (ISKOJI) ^AhG 
ai-vN (O^Y^l, X*Y=0) xm&-fZ>Zt 
c«fc •), SSiHteOJa ^ 7 v ^W^v^te^-eSrJBBK-f 

[0 0 3 2] *U, |ft4jmi»Utti«l, 

l-^gS^FS - 2 2 8 0 4 ZOtmitifc 
teg£fttr ni>77 KSOfl-ffll, S0 f /XlipSi'7 
» KIOWI (oS ijflMtW*^ £ *)(l*Lfcfll) Ci'- 
+**OjfeKititt LTA 1 G a N, G a N, InGaN 

A/ 4 n (n:Bffctt*i»#:*)JBl»fSP» A : "CK 

20 M*Bt#WT<OJBSJ!-C(±fcv,> 0 if-, USP 5, 14 
6, 4 6 5^i:«Mi5rAlxGai-xN/AlY 
G a i - y Ni I) £4 5 9 -^tt^ifllitOU' 
/6 f i5i££ftT^4o ;os«t«ttftB»i:A 1 Ga 
N/A 1 GaN^?7-t LTHffl?«tfti:, 
<0BII?£I?< L&lt*Uf£'bfcv> 0 £ <b ICA 1 G a N<0 

i "9 zm^mfc*? 1 ? y uzmmi>mmi-2>zt 

[0 0 3 3] -7j, *«lt»*T(i«tt?-»*««i"* 
iiCll t»2 0«0#Rip *, 1£5e (»SL<Ji, 
30 H7ji: t 1 0 0 *>^x h n-Aj^TtBS-^BI^T^ 

[0 0 3 4] $ <b IC, # S¥ 5-110138, #IHJ¥ 
5-11013 9^«tC(iSffliOA 1 NtGaNtSr 
StSLTA 1 y G a i - y N<Oig B l*W-&*S* t fe«$ 
itrv»* 0 icoft^li, BfjgOftJftJtOA 1 y G a 
i - y NOjlS*j|ifc*i:, g+t>«FD-A(?) 
40 IfOA 1 N, G aNS-SitSftf T'fcot*^(0 
Kftlii^i. U>UnGaNH)i;4iSttS*t 

fc, 6-2 151 1#, 6-26825 7" e -i>#S 

T-(iGaNtInGaN, JUlil nGaNt I nG 

y>u^7-vm&<r>%ittm=Fmmzi\x^*z> 0 *%wx 
* ^ms^Rmm. t-tz>tmx-*> 

t), coauft 

[0 0 3 5] ? <bU*|feW<7)^T-li I nG aNOio 
50 *, ^4 < 1 1 4" > -✓•>At«-traffc»**#:*«tt« 
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InxGai-sNk, AlvGai-YNiD &&fi 

If K3r -V v ■/iH*-^ ®#T^M£:*;£ <T' 

"fST-tSiat-ilRU** 

ft»¥*#^T-i^Sffl) o $^CInGaNlig B B H^tt 
K^fiOA IGaNOioiAl £^trSffc1&**#tC 
Jf<T*rfbrtM,>01N I nG aNSrfSttWt-T^i:. ft 
§ t fc &af fc»***W ^y^ ? X«)t:<< 4' 

[0 0 3 6] S<bUpffln>^^ hJBOR»«:5 0 0 * 
>^XFn-A^ £ <bU»S t < Ii3 0 0 
hn-Ai^T> ftt»iL<ii2 0 0t>^Xhn-A 

KV £5 0 0*>y* h u - l~m&-? 2> ^ £ U J: 

[0 0 3 7] £Lt, MLfci^:, $*1<7)®I10 
f 

[0 0 3 8] JA±OHJfc3BBl "Cii, pl^r;KI5 

> ? * vm 6 upsog^i^ffl^ttiv^o i~&*> 

*>, mffi (IE?L) M6 
illlnxGai-xNi^^llOi^ AIyG 
a i - yNJ: Oi**2CO«i:^»)i*^pfflOfit& 

I nxGai-xNJ:l5^^ll OfrSSIi: t 
ot, P m«i:^*ttt6Ut3& f /h$ < Lv**- 5 

^affc«¥3lflai S> ix-^i" v *fflfi U * * * £ "C* 
[0 0 3 9] BUtOlliBBIR 1 p«^77K65 



(8) ^2 0 0 3 - 1 0 1 1 6 0 

14 

CSftW^ffl^fc^ *%Wipfi3fttt#i*fMai 
3i:nlog^i^ffl^tUv^o :oi^c, nffl 
i. GefOnI^a»4:»l^iStf/X«i*20l 

n scares ^i-aatt^srasisi 

fcT&ttE4 t<7)Bi:nS3>^^ H3 t LtK«t4 
:ti«1?i4o C<7>i*£\ ^UnSn>* * hf3 £^ 

[0 0 4 0] CtUi. M'>K^t7fx^^-OtJ 

ifl<03 > ^ ^ Hi Ltff^L/:»^:ot>t, 
Oil ^ 4'HEMT (High-Elect ron-Mobi I i ty-Transisto 
r) U»(ttLfcf*ffl**asaLfc«b**«tt*Sn*o nl 

l(undope) ;BIT, ^W ? K-^^ilt^i 
20 ^«Bt7>K-7 p kv^| O*2<0« (tlOl) t 

^u^-^O/J^&JBffl^Jf £ (100t>Who- 
CO-*** 1 ?- K^-v y 

50 [0 0 4 1 ] *fc, *|fe^UJ3V*T, nfittffclMMWfc 
i«i:nl0^7 7 KJB*Rtt£»#<i, KnffiO? 
9 7 Ki*Sft?-itLt4«t^ nSHSffctt**** 
»«cU nffln > * 5 YmikTfnmirjv KiWnl 

ftftW**#**®«:i-4»^«±, RniiaffcW^MH* 

£\ ^r^'J7Hi:aftlt LTOnl.^7 7 KJf, £L 
40 [0 0 4 2 ] Sfe^-)S€r?Sr14)f 4 

i^<tt^o ^-tf^'bafLia**^iT> K--/-C 

^> nSC^^ttS^^^^T^^o tit, nllCB 

RO^£Rlt£:W*MS Lv^o 
[0 0 4 3 ] tt±OJ:7i:, jBft^tnHafl:^** 

50 «j**#JBa*^Ritfc»^tra»u, gp a H ti<7)^±^ 
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&#B (i , rSttB J: H/</ K4* t7 ~fx. * )l *f- if-k 
Jv>AlGa Ntilt?iU. A 1 G a NlilSJIfiStfta* 
IMtl-liL< , CTxlfJU-fciSfO. 5 j« mU-tOWV 

Tgfe?-5tt4i:. jjL-<0»l <0B, $2<01<?)*T- 

te+-B t LT v»i 4 «7 7 KB75 { J&ftT- 

§ 4. *<Ofc#£ft©afb1M i 3Ml^ttai4rt , & < fto 
Tng!ai«<7>||SbK*^# < %2><DX\ t^m^mi 

KBi Ltz^X'V f 7> s lTt^ 0 £<bU, 
^Bt-Si. Ge^«*f;K-^U, igte^BSr^ 
> ? * Mgfc Lfc»£U(iTl<riSLfcHEMTi:«mLJt 

a**«*u?iii-c <jj:i ts*>ft., mis 
[0044] loiii:, *§£9?uj3^t, sta^B 

(i, r&ttSSr^K-T-S. nS3WtX(ipfflSl*U?fclS3ft 
&#-r'J TPfl Cii^B £ Lto? 7 7 KB, jfr&BOTfc 

a< kb, < (ims* f «Lrff^$n^^jrLV±A§ 
[0045] mmwm2. $^cis*isig 

oaft«**fls* : f-o*jt**i-**ftftlBfliiBI o- 

1 0±C> niKtWffrifSi (nffl3>?> H 

12, ^PfcltB 1 3, nfli'7 7K114Sa t n 

(+r;^|17 1 pfflM-fKIH, pl^vF 
11 1 9 S^'pli^ > 9 9 hm 2 07>t>&-5>o ) ti:io 
Ttttt$ftjfcfifb1MM*to&»'b&4iSttB l 6 

[0 0 4 6] xmrnrnm 2 waft****^ 

(4, nfflfiffc»¥*fl****Kiilt*n«*5? KB 1 

17& piffle 7 y KB l 9 tat&^-BT-TT^i-^c: 

■K LD*^*4ttfbtt*»#*?-OHtt«E<:ft< 

[0 0 4 7] C<0*jfc«S2Oafbft**#* ; f-^iJV» 

Tti, i-f, iSi0lP<7 7Tiiii»2O/<7 

771112 4:^LTnffl3/J'> hlf 1 

ft, Jf>i:nf3>??Ml 2±tc, * 7 yfVikm 

13, nly^-yFiNSI/n 11%** <f KB 1 5 7) f fg 



(9) #118 2003-101 160 

16 

9=7-7 ?P£lhB 1 3 <DMmi-UlhZiT.tzn\M^ > 99 Y 
11 2ro*Ii:(±filfn, ni3/ynil2tt 
_ 5 y * ni?mffi2 3* J B«?ii, inltt 
2 3±Uli, 7<-V--f>f , 'f >^ffl<0ni'< 

•y K5g«Jii5. -c L-T, nflfl3fca*-f KB 1 5± 

fS?£14B 1 6 ±(C, tt77"Sl 7 , pffll5t**-f KB 1 
8, pl7?7 KB 1 9M'pffl3>y? H 2 0 T^fS 

70 U, pHJ3> * ? h^2 0±i:Rpi3/ ? ? H12 0 
y **UM-*p«**2 l* ! fM?^ ftpflll 
112 i±i:ii, m*-i£. v <( J r-*>-r<< >?f$<r>p 
ffl/N*y KmSA ? BRK?it-i>o pffin > * ? 1-B 2 

0tpl77-; KB 1 9<75±SPi: UioT, WSdjfaf: 
ft < # W *MK«> 'J y $ it, R'J» vffi * Jfc 

figi-^CtlCioT^ Sttil 6lZio^T, 7t i 9*1'I77 

[0 0 4 8] Ifeff^.2 0tft»#f#ffW§ 

o) *«i ociiciiiiBktit^T'fT 

Oflfe, R®, AI5:±Itt-5 + 7 7'f7, -?"Oflfe, X 
tfTWP (MgAl:04) <D Z 7 £tiL<r>i&„ 
SiC (6H, 4H, 3C^-g"tJ-) , ZnS, ZnO> 
G a A s , GaNfOfi#««S:fflv>5Ct* s fJ 

[0 0 4 9] h'777|l 1 ) A777I1 111, m 
30 x.li*A IN, G a N, A 1 G a N, InGa 9 0 

orWTOiaK-CfifcftS-tirT, |»Pa+*>* r xhD- 
A-tfcW* > h n-^tcBfiSt-r^ 0 :ro/«7 7 7§ 
1 Hi, ««i:ftfbW**#t^»?-JSft^FjDE*«»i- 

[0 0 5 0] (i2<0^"777ll 1 2) f20^'77 
tBI 12(i, BlFfE^' y 7 tB 1 1«0±U, BtrfE^" y7 

7tii) fc*a-e#fts-£fc*ttaoafb»**flf.fc "j 

4'-i>B"Cib ^ , y<y 7r| 1 1 i t <¥HS^*-f-&o - 
40 <T>m2 O/N' y 7 rB 1 1 2 (i-AKI&ft n % ^ > 9 

9 hB 1 2 J: *) i> nfi^MS^i^Ittii 1 , 
«L<J±nffl^#Mfc«: K -7*1,4 ^afbW#*#B. » 
J L< liG a NB^-f 4 t, |20/<777il 1 2 O 
^ B B B 1S75^<4^o «t*f*t<«na^«»S:r>K 
-■/OGaNtnttt * f A v>afb^*« 

hBSrSCA<mJa±0|RIf-e, ffl^r^ 'J TigS<0#-oa 
50 lffllOB(i^B B e1475^< ^^JS[6)tc*^, 0 CtfjfcJ^tt* 
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v^20/^7 7x11 12 £ U J: 0 . ^ 

^UTiSS^^ <^ B B B tt0^v^nffln>^^ Mil 2 

2 081115(2. 0. l/zmllL &5>U»iL<liO. 5 
^mttL ftffH < (±1 p m0>±. 2 
PSIi-^c k* f HS t^o |20/n'77t1 l l 2ri ? 
0. 1 M m J: *) *>S^£;, ^&%SgO*;£v>n32n > 
h^l 2^1?<^S^^4Mtnii*^'br. nffln> 

& c J/:20^mJ:i3 *>I¥v^ 12^7 7711 1 

2 0/<7 7t|1 1 2 LT, tt 

12^7771 1 1 2 -ca&a«a** ^ 

»2<OA777il 1 2rt-CW ? ot, »RBUiSW 

— «f***»^-t < fc&o |2 0/<7 77|112 

<±, iSCGaN, SiCs Z n0^O2gmi±*«£ffi 

[0051] (n«3>^Hl2) n ffl ^ > * ^ h 

St*l), 0. 2 A /mJJLb, 4^mJaTUW»i-^)^i: 
3MliU»o 0. 2iH*^t, HTMttMt 

•JWi-^^^L < , — 4 ^ mtt±Ct4 fc^fcfc* 

* Ml 2oMW*ftt:K-7°t^nS^ftoi 
Hiiixi 0 1 "/cm 3 -lXl 0 2 1 / c m 3 <0|g 
H. SfcKftfS t < (i> 1 X 1 0 1 8 /cm 3 - 1 x 1 
0 19 /cmM:iSf^:i:^liL^ 1X10 
1 7 /c m 3 J: 0 fc'hSv^t nSS^MWi Lv>* 

mfrn&Trfmft?, ixio 2i /cm 3 «to 

i:i3nI^>^^M12i:i3V^r(^ ntg2 

n^77Kil4i:n7\i<t^-t^it 
v^o nffln> ? * Mil 2li$fiCG aN, Si 

[0 0 5 2] Sfc. 82^-;7t| 1 1 , RLKnfflJn 
> 9 9 YM 1 2 <7)|*]<7>^£ < fc *>-;£0/f et&^-S 



(10) SH2 0 0 3- 1 0 1 160 

75 

li»2 0/<7 7 7i 1 1 J: 0 *>JH!?ri ? ^ nffln > * * 
hJf 1 2 0^^S*&T-«ti-^>o nl^>^nil2 
fcSiM:^> K4~-v *v "Ax * /i^ SS 1 <^ £ 

i^ga^-^Tnlg2 3?:Mt^:ti:J:^ nl 
§2 3 <hO«^}gijt^fi:<T^Kft^lS:T^^r^C<b76 ? 

10 %hiy~2> d3I2 3 <7)tf1ftt LTtiA 1 , T i , W, S 
i, Zn, Sn, InfOt^L<l±^ ? flf^ 

[0 0 5 3] i/w, nIn>?nil2^ftlS 

Xt&W L H E M T USMtt Lfc»*i:J: •) 1f <0«#t 

[0054] ( 9 7 v 9 E*lk5 13) * 7 y 9 R*lhS 1 
3ii. fllxjf, Si^5X10 18 /cm 3 y--fLtz 
20 I n o . i G a o . 9 N^<b4 0 > Witf, 5 0 0 t> 
hn-AOggl? £*1-£o :o^77 ^R&ih* 1 3 
12 1 n**OnfflOfift»#S#, 4fiL<(iInGa 
NSrStftS*T^«:i--6Ci:UJ:0. 

ihi-iC'fci&^S&o 4i3, 7 * ^P*lhS 1 3(2 

1 0 0t>n hn-AWJ:, 0. 5 ju mJ^TOjglp'C 
Sg^«:i:^il^o loot/^fn-^J: 
*9 tSv^tfltffiOJ:^ tc^7 ?$j±t LTftSLt: < 
<, 0. 5^mcfc »} $S B B B Sf*:^M^i-^{ii^ 

lO^Cni^/^nil 2 SrSft^fci - **^, 

[0 0 5 5] (nIffif^f)Wnl^77 K« 1 
4) nl^77Kili, Wili'S i t5X10 18 /c 
m 3 K-7'U:nlA10. 2Ga0. 8N^f?i^ 
20t>n^n-AOif^tt^Slc0i, 
> K — y<7) GaNJ:^^ 2 0 * > h n - A OBH 

40 £«9, ^#T«x(f0. 5 ^ m^mMi^-fho -<7>n 
S^7-y KJil 4l2^-v j ;Tgfli:^i6^. RWfcBBCa 

~fj<Df§ Sr A i 4r*traffc»**#. ffiKliAlGa 

Att±, 2^mJ^T, ?<bi:»iL<li 5 0 0 *>^ 
hn-Aia±, l/imtlTtSS^^^-^C^M 

50 ^r^'jrps i:jWi«t^ ^>o 
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[0 0 5 6] (nfflMO'llS) nfl^O'll 
5(1 fflxJl S ir5X10 ls /cm 3 K-^L/J 
n!BGaN*f)&*), 0. 1 m<7>gll¥£*-f &o CO 
n«*#-r K« 6 l±, ffittWOjt^r-f KikLTftffl 
U G a N> I nG a NtSt*J*TJB*t4C k*^ 

»£ L < it 2 0 0*>V* hn-A- 1 ^mOlfTSt 

gt&fiUti^fc^tHo nljfc#>f Kil 5, n 
1^7? KB 1 4 *Ifflfr*JiUl-*»«\ j@t&?-B£« 70 
*i- * Sf b»#**W ft ' < > K * * y 7jl * * 
^-ttjSftJiJ: i) <-*-*<> iH^Wki-i^u 
II »lOJISa f »2OJi<0^4< tt-*Cnl^ 

fc, Z<n1tif4 KB 1 511 r> K-^fifl:»#*# 
*»8L<lir> K-^*ft»*»**™Sft*:iH 

[0 0 5 7] (ffittJB 1 6) S14B 1 6(1 Will S 
i £8X1 0 1 8 /cm 3 T*K-7 e L/:I no. sGa 
o. sNJ:»}ft»K 2 5t>^Xho-AORWS:tt 20 
4#Pi^ S i £ 8 X 1 0 1 s /c m 3 K-^Lfc I 
no. oslGao. 9 5 N <fc »9 ft »9 , 50*>nh 

J: ^ > WjeollW*:*-*-*^**?*^** (MQW) 
T-ffitffii-^o iSteBl 6U*3v*Ttl #^B, ISSBM 

ESUS*i*o #PB*>ff*tl 100t>nhn-A 
£IT\ »*L<tt7 0*>^*hn-AJJlT\ f t»J 
L<ll 5 0t>^hn-MlTi:t4 o RISOJf 
Stil 50t/n bn-AWT> 9tL<lil 00^ 

[0 0 5 8] (pi^rry7il7) pi^rfyT'il 
7(1 }£1£B 16J:n^> K^-v y-fx-*fr*f—A*-k 
£v>, 0iR(l Mg£l X10 2 °/cm 3 K-^U 40 
pIA 1 o . 3 G a o . 7N^i:^ Wx.lf, 2 0 0 

^:iitUt^ 0 pffl*^ y */B 1 7Olfli0. 

WT> fkfcifS L< (±3 0 0*>^* hn-AtJLTUW 
g-f&o 0. 1 //mJ: 19 J5v>HJ?T-&S Pi 



mm 2 0 0 3 - 1 0 1 1 6 0 
20 

•yfinn J: •) a«T-S ft < ft&ri^ 

[0 0 5 9] pl+t7 7ll 7CIJ, 

Sr«lSL^i-<i-*^i6U. Aloaficlt* f *I^A I 
GaNtffl^t^t4CtWJ L<, BAlGaN 

11 Yffi* ? 0. 2a±OAlYGai-YNt?*ftlf5 
pfflS^^ y 7'B l 7 0JWi[OTIRJi«FUIR3cLftv^ 

[0 0 6 0] (pffl*^< KJi 1 8) pIWKSl 
8 li. K4r> 7 7 4 x^;^*-^pl^ t 7 71 1 7 
J: «9 t'h£v^ tfdx-il Mgtlxi 0 2 0 /cm 3 K 
-■/LfcpIGaNiO^^ 0. 1 ^ m<7)Jjg^I£^r1- 
&o :OpiW KB 1 8(1 Sr&B 1 6<OjfctfW K 
itLTMl, n*WK115iBt<GaN, 

1 n G a NT'SSJ-etlfttl) : t^i Lv^c 4 

fc, COilipI^7 7Kil 9tffiR^«R^<7 

77fi:LtfcftfflU 100t>^hn-A-5/i 
nu Sf>i:ffiL<li2 0 0 *>^XhD-A-l^m 
OSf|j?T-J&fi£-££C<hl2J: >K 4J£ L^Tt^M Fit 
Lt^fflt^c COplWM KBIi*ll»iMg**>p 
M^IS* K-fLtpSOitltt^^ 
»*K--/Li<tti^ 0 ftio. COplI^^MKS 

i±» 1 OBSESS 2 < H-JC P ffl^WW 

[0 0 6 1 ] (pl^7 7K119=gft : Fi) p«* 
7 y KB 1 9 II Will MgilX 1 0 2 0 /cm 3 
K-T^L/jpIA lo. 2Gao. sN 08 i 

(1 2 0*>^x hn-*0Rff*#i-*»10Bfc, 
tajxIfMg* 1X1 0 2 °/cm 3 K-^LfcpfiGa 
NJ:«9ft*)s 2 0 b n - AO|gJJ£;fr-f 2 

^77K11 9li, nfl^77Kil4tHC<*^ , J 

$-£*£*!>oBfc LTftfflf *o :opi^77Kii 

tl±. 2^mflT, ZbiZfti L<li5 0 0*>^* b 

[0062] (pi^>^^M20) p 119 n > * * b 

12 0li, pfll^77 Kll 90±i:, Will Mg* 

2 X 1 0 3 0 /cm 3 K-7'U:piGaN^^^. 
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1 5 0*>7* Yv-<u<r>BMi^-fZ>o ^(O 
p IS =J > ? ? M2 0 (£ p SO I n x A 1 y G a i - x 
-yN (O^X. O^Y. X + Y^l) t*«t4Ct 

tt^»<bii^o S<bUp«^>^^ moRl»S:5 0 0 
^■/^xhn-^UT, S<bU«ffi L<li3 0 0*>^ 
xho-AttT, fttffiL<(i2 0 0 *>^hn- 

X •? uJS«t¥* f ttn • cmiUi^^pIHtWif 

[0 0 6 3] #5693 p|n>^ni20 

ii, Mr* y •/i*^^r-* t *4**l Oft 

*2<A»fc*flWU »l+i2+*l+S2+ - • • 

;u4 r -* t 'hS^*OW**BlU+4 <t ^ p^S 
2 1 Lv* + - ^ 7 ^ it* o pHI2 1 

<*>*mfc lT(i, flflxJi'N i , Pd> N i /Au^* 

[0 0 6 4] *HS(gff^2"Cli, i2C*tJ:o 

Cptt2 1t> nl&2 3 kOBUItaiLfcftft** 
*#iO*Ii:S i 0 2 J: •) 44««IR2 5^S:^ 
c:o««UK2 5 u»*S*LfcHP»*^Lt:p*S 

2 1 fc*ft«lU««S*Lfcp^<y Km© 2 2, 5^ni 
62 3 tSSc^ttTt n'*y K«ffi2 4* f »Jft*ft4o - 
C0p/^y Km® 2 2 (iHKtfJ&pmffi2 1 OSfg^E 

3ofij^n^PSih-r4o 

[0 0 6 5] J3L±0**«»2 0«t**»#*T'tt. 
SlOg, Ry f »2 0«Sr»ttS*R#tlTOBWUL 
T»B^tL^S*&^JiT-*)4. fg B B s ttO<tv>pa^^ y 

KS1 9«r«xtv>4o cntlioT. #HJfc?Kffi 2 O 
gftW****^** pm?? v K«l 9 0}£fctffi£, 

[0 0 6 6] tfc, 2 Ofifttt#*#*?-C 

(i plA 1 y G a i - y NSr^tr piU^ 9 * Kg 1 9 U 
git, /<> 7 '/x^;i/^-^?v^Sftfef S 

#4: pisqn > ? * h/f 2 0 £ It, %<r>mM* 5 0 0 * 

i:pfln>MM20O^i' 1 J TiS8rt f iS <^*} pi 
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«£l£gS-£4l»(::* 820/«77t11 1 2 rixT 
*2^777B1 1 2 0±i:«ft?*4S 

tl^o »i L<(i. »20A77t|1 1 2<7)±Cfi 

[0 0 6 7] fc*3. «»*It2^LD* ; p'eiiI nG 
aNOJ: ofc. 4^£< tU >v*A**trSMfctt#* 
10 fcitfi&m 1 6U«g;i£*&£"U<i> InxGai-xN 
A 1 y G a i - y N Shfc88?i 
f&ttJll 6£ttf£1-£Jf (ni^77 K« 1 4SV 
pi777 Kil 9) t Ltfflv^:^?Kfi iv^o - 
ftttS 1 6 ii&Sf&T-Jf Y*F*? 
-fj^*)l*'-m, BUr^«r*§ <-C**fc*. IS^^ 

^JBt LTftft?^Ct«l4o ?e>i:i nGaN 

%^2g^UJt^T^^^v^OT% I n G a N£r£1±Jf <>: 
20 nt, »SL^&Mib^#2S^«^*^^7 

i)i:<<i-2> 0 liiCiot, LDf?^tg<t 

[0 0 6 8] MlieS2 o J: o J:i?#PMt*t 
aftteS 1 6 rr^^rniSiD^iftfT-o 
foffittil 6i:«LT, rSttf l 6 iDt'O 

tt> -eopus^r * •y-T's 1 7 <t *>mi&mfrhmitfz%L 

30 fitC, pi^t7 7llUH^>K^>7 7 , x|^ 
^-^h^^pixt^'f Kil 8*Kt1\ fOpfflM 
-f KJB 1 8 J: «9 *>fS14S*^fittL^12:an. pUtt*'^ 

Kii8in^>K^7 i^sf 

iff i L < (i A 1 «:*trfttt»#*#**tf jBftT-Wit* 
tt4p*^7 KS1 9«:R*t4Ct(i^#U«F4L 
v^ 0 L^fe pffl^- -v y 7'^ 1 7 K¥t *y •f*-**' 

^\ ^pitr/T'i i 7-eisijhsti-cPHi:a*?> 

[0 0 6 9] BL±OJtit»JR2 oaft*****^^ 

ft«**#«fl* (nffigteO) C^<^litlt 
^nifA<, i /:plo8t&?i<)iSttS 1 6^<b±o 

paiafi:»#3HWi»* (piii) u^^<tt>m 

v^ 0 tiu «rfEa^»«ip«ill^«i"4»*ii*^ 

50 nJHBU?g*i-*»^in«tt2 3 Lfc«*itA« 
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t LTOn 3 > 9 5 Ym 1 2 , i fc«i^r -V 'J 7 P3 U&#> 
<t LTOn * 77Kil4i LTMt^ -t* f ft^ 

affl-e^Ctliv^ST-ii^ {tztzL, LEDft 
[0 0 7 0] W±<0J:-9(:«flc?li^*itB®2Oaft 

»n** a*#B**-e, 4 o or.iu, 
i:iot, p B« ft»*i« t » & i-fi* 

I** -p Ml 2 i kAuJ:04* 

l^«i:£ti*t#t:n«S2 3 *Kit**»l*. Mil 

ms * ft < -r & ±-e## t: #*u -e* & „ 

[0 0 7 2] «?4J, $*M^2^l±, U y vSP (x b 

99) CSi02tTi02J: «9 & 

[0 0 7 3] COJ: -9 *%W^i3V>r. Sf&T-l 
li. ^JIt*Hr*"*nH*«lX(ipH**^?B«Sit 

[0 0 7 4] 

»M0u i ] i i*bi 2 usrtsMt* 

f^Rgii^o $f, t7r>fT (Cffi) J:*)&&2£«1 

dcJRtfcLfc**^ !6«OitflC«r 1 0 5 ocs-e 

SlOTCS-CTtf, ^ 7 ar*U**, ift^CT 
(N H 3 ) tTMG (h'J^f^^^A) t 
*fflvv &4E1 0±i:G aNJ: *9&&igl ^;7t| 
1 1^2 0 0t>n hn-AOlf-CJSJIS*4 0 
[0 0 7 5] /<777ll 1 J&Jlf£x TMGO^lh^ 
T, fiS* 1 0 5 0tJt±#§^o 1 0 5 0ti:Sr 

v\ »J 7iM 1 X 1 0 1 8 /cm 3 <7)T > K-"7*G a 
NJ: 0 «I2^n'7 77il 1 2 £ 5 p mORBf-etiS: 
K£-££o f£2 <7V*y 77iliInxAlYGai-x 
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-yN (o^x, o^y, x+y^ i ) Ti*i£T-£, 

Al (Yffi) rt ? 0. lttTOAIvGai-YN, li 
JfJL<li7>K-^GaNi:ne «^t, 105 

0 tt'TMGs T>*-7\ T^ft*'^i: * 
(S i H4 ) SirlXlO 1 9 /cm 3 Y--f 

U:nIGaNJ:l)i^ni3/^ Ml 1 2 r 1 /i m 

70 [0 0 7 6] 8 0 OtULt, JKfttfXU 

TMG. TMI (h'J^^;K>v'7A) . T>-t- 
7, ^^i;v7>^rfflv\ Si £5X10 

1 s /cm 3 K-nfclno. i Gao. 9 N <fc *) tth 

j£:R£-££o ^trias^ i o 5 orutT. tma. 

TMG. T>^-7\ Si £5X1 

0 1 8 /cm 3 K-"/t/:nSA 1 o. 2 G a 0. sNi: 

l^t, TMA, ->v>£lb#>. 7>K-7'GaN 

fit, ni 0 omm*)M 

SI 4£j£JI£-£&o 

[0 0 7 7] Iv^t, 1 0 5 OttS i £ 5 X 1 0 1 8 
/cm 3 V—y'Lfz nIG aNi^^ n«**M K« 1 
5£0. l^raOPtSfiS^o*:, TMG, T 
MI. T>*~7\ v7>£ffiv*Ti£14* 1 6 

^■^e tsttw 1 6iiias«:8 0 ot:u«SpLT. i-rs 

1 £ 8 X 1 0 1 8 /cm 3 T*K-^U:I no. 2 G a 

JO 0. 8 NX »5 *^#p)l : S:2 5*>?x hu-A<nmW 

FJ—fflK-e. S i * 8 X 1 0 1 8 /cm 3 I n 

0. 01 Gao. 9 9NJ:Oi**flS:5 0^>y^ 

(MQW) <ofS14S 1 6£iS;fi 

[0 0 7 8] ^U, ia*£ 1 0 5 OmJitf, &Mff* 
UTMG> TMA, T>- : e^T, ^ft^CCpsM 

X 1 0 2 °/cm 3 K-^LfcpfiA 1 0 . 3 G a 0 . 7 
0 pffll* * y-fM 1 7^ 3 0 0t>^*xfn- 

AOiitSRH^c Mv^T, 1 0 5 0t)t\ K 
7 yx*^-35«pi*ir 7 7*11 7i») *>/J>£ 
Mg£ 1 X 1 0 2 °/cm 3 K--/UpSG aNJ: 

>3 44p«i*^^ ksi 8^o. i M m<nmmx&&z 

[0 0 7 9] S^v^T. TMA, TUG, T>^-7> C 
50 P 2MgS:fflv\ 1 0 5 0WMg?:lX 1 0 2 0 /cfn 
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3 K--/L/:pIA lo. 2Gao. sNJiH^Sl 
TMA*>*£ik#* MgrlXlO 2 0 /cm 3 K-^L 

^7 7Fil9««o», 1 0 5 0W, p 
1^7-yFil 9 0±C, Mgr2xl 0 2 0 /cm 3 K 
-7 F l^plGaNJ:H^pffl= I >5'^ hif 2 0^1 

[0 0 8 0] R)£**Tf*. SJS£SiSiT*Tit\ Zhiz 
IfflM^, ^i-^^SJ3:^Srti^^^T, 7 00 

L x E12 ICTjti" X o RIEMU^OfliOpffl 
n>^^M20<l:> P ffl^77K119t5:X7f> 

[0 0 8 1 ] *U'J 7vSBi:7^^i«U H 2 U 

It, nffln > 9 9 hm 1 2<7>S®£fiai£-£&o *U 
piiljn > M2 OOXh^O'^v 
^KUN i tAui:^^ pSfi2 1 £ff^&-l£ 0 — 
TiiAU^^n 23^XF7^f "T^O n 

[0 0 8 2] ^> EI 2 C^tJ:^:plS2 It n 
^^2 3 ^60^UHaiL^Sfb^**#^^*®^S i 
O2 £ *}&&*&£i!gl2 5 HMU CC0*6*fBi2 5^^ 
LTplS2 1 hl^i:gil/:p^ 4 7 KmS2 2. 

n«g£ p^g^^ML/:^x-^^ligf«i 
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[0 0 S 3] £«Sf/§f£. WS®fS£** ^ < 

2 J: *)K&mmi£&mmi:fcfcL. fIi:plIi:W 
70 4^fS)T% '<-£Wir Ltl/-ff y 7'<h Lfc 0 

7^7x-XT77' ( m « t - h > > * t * **t ft L 

MSl^i^^r, H«lESE«ft2. 9 k A/cm 2 . 
g§ttmE4. 4 VT% 5lffijftft4 0 5 nmOlS» J 
ItBSft, 5 0B#mJ2LL*>*fr*:*Lrt:o 
[0 0 8 4] (ItttWl) *20/<77t|1 1 

2i«R?^ ^Cni3/nMl2«:Si?: 

1 X 1 0 1 9 /cm 3 K-^LfcnlG aN|-t5^m 
20 «;ft$-<*\ n%9 77 Kil 4« i i 1 X 1 0 1 V 

cm 3 K-^LfcnSA lo. 2 G a 0. 8 N#— "CO. 
4,1111****, P 1^77Kil9tMg*lX10 

2 °/m 3 K-^LfcpIAlo. 2 G a 0. s N*— 
-CO. 4/mmf&m^-^, 2h{Zpm^> 9 ? hm2 0£ 
Mg£2X 1 0 2 °/cm 3 K-7 p Lfc*-OpIGaN 
£0. 2 A im*S?^:&flfe(i**(ll«l tn«^LTU- 

[0 0 8 5] 
50 [* 1 ] 
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27 28 





10 - • 


• -^77^7 






n • • 


• GaN 


2 0 OA 




12 — 


• S i H-7niGaN 
Si: 1 x l 0 19 /cm J 


5 ii o 




13- 


• S i K-yngn nO. IGaOJN 
Si: 5 x l 0 1 Vcffl' 


5 0 OA 




14 - • 


- S i H-^nSA 10. 2Ga<X8N 
Si: 5 X 1 0 1 Vera 5 


0 . 5 ££ K 


n%*'<fKJ0 


15 - • 


• S i H-ynSGaN 
Si:5X 1 O'VW 


0. 1 /ZD 


f&ttlBOdQff) 16 - • 


• S i Zfl nO. 2GaO. 8N 
S i H-^I nO. OlGaO. 95N 
Si : 8 X 1 0 1 Vcm 1 


2 5 A 
5 OA 




17 - 


• Mgh'-7piA 1 0. IGaOJN 
Mg:ixi O l Vcm* 


3 0 OA 




18 — 


• Mg H-^piGaN 
Mg: 1 x l O'Vcm* 


0. 1 urn 




1 9 • • 


- Mg F-7pMA I 0. 2GaC. 8N 
Mg: 1 X 1 0 2 Vcm a 


0. 5 x*m 




2 0 — 


• Mg H-^piGaN 
Mg:2X 1 0"/cm s 


0. 2 am 



[0 0 8 6] Z<D£nl t zmf&Lfzft$cM<7)\s--*fm?' 
(i, HftifiM? k A /cm- TSi^f£^l£l££a*: 

[0 0 8 7] [^iS0112] IffiWl U&v-T, n1lijn> 
^^M12^, Si^2X10 19 /cm 3 K-7'U: 
nIA lo. osGao. 9sNJ:^i^Sl <7)Jf £ 3 

0 * > 77s h n-AOBIff-eSft^-e, T > K 
-•/OG aN£ *9 2 <7)Jf £ 3 0^->^X hn-A 

oift«f$^r, ^^^#^^IL. SMVi. 2/i 
mOiBftT-fllitiii-io -e-ixia^o»ai«±**w 1 fcWJ 

Lfci:^, H1I«X« 
S2. 7 k A/cm 2 , iSliHEE4. 2VC, »*4 6 0 

[0 0 8 8] mmmz] S»l2i:i5^r; nffl^> 
Ml 2 £«J^f &i@*&?-Ui3V>T, »2<Dlf £S 

1 S: 1 X 1 0 1 8 /cm 3 K-T'LfcG aNtt^lli, 
Utttil 2 fc WAto** * *1" 4 ^ - * fl« L£ i 

[oo89] [mmm 4 ] mmm 1 u jsv>t\ $ 2 

77711 1 2^, S i £ 1 X 1 0 1 7 /cm 3 K--/L 
fcGaNt LT> 4 mlSS HJfcCT 1 

«ois^tt^> y»^*ft«Lfcfc nam 

9 k A/cm 2 . Klimf±4. 5VC±#Lf: 

[0 0 9 0] [HJS0O5] Ki3V*-C\ nin> 

^^Ml 2^, S iS:2Xl 0 1 9 /cm 3 K-'/Lfc 
nIA 1 o , 2Gao. 8 N J: 0 U 2>t£ 1 OS £ 6 0 * 



1 0 1 9 /cm 3 K-yi^G aNJ:»)^*20i*4 

0 * h n-AOBSIf -Cl£:K£-£T, JH^ti** 
»)iIU £IRIf 2 /(moafifiilttio *LT, n 
i^^-yKlHiSiHxiO 1 9 /cm 3 K--/L 
/:niAlo. 2Gao. sNf-T'O. 4/umnKS^ 

*ixJii^«ac«±**fc«ii tmm^m^^-r^ 

ls-*fm*t LtztZ^b^ Htttt%&ft3. 2kA/cm 
2 > B8HSJE4. 8Vt\ ^UOWU^L 

30 [0091] mmm e ] nmm e i±, mmm 1 titm 

Lt> JfilTO (1) . (2) *Sfcm fc 

(1) ;t7 7rll lficftf£. TMGO^ih^T, ^Jt 
tl 0 5 0tfT±S?«o 1 OSOCCiofcf), 

v\ Si^lX10 19 /cm 3 K-7'L/:nlA 1 
o. 2Gao. s N J: ■) OJBS: 6 0*>* r X h 

a6T> K-^G aNJ:54&*2OiS:40*>^ 

gli + S2i+ • ■ -tvnJ:^:i*?ifc*« 
U fnWl<7)lt 5 0 0i, g2COiS: 5 0 0i 

. 9 * Ym 1 2 SrffM-T&o 

( 2 ) ftffiffl 1 k Lt, Si$:5xi0 

1 8 /cm 3 K-^LfcI no. iGao. 9 N<fc 

* 7 * * RlL* 1 3J 5 0 0 t/^x h n-ZtORV? 
J&:BI£-££o fit, SK£ 1 0 5 OtULT, TM 
A, TMG, 7>^-7\ i/7>*m*<\ S i * 5 X 1 
50 0 1 8 /cm 3 K-^LfcnfiA 1 o. 2 G ao. sNJ: 
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*)£&ni!^7-y KJf 1 4 rO. 5 t u m<omW T'J&ft £ 
-££o ?£<7X nfll*7* KEl 4A»6±«±, *S£011*> 

m-SSS3. 2 k A/cm- , PiftmK4. 8VT\ 40 
5 nmOg^M^ltE2£^ m&i>3 0B#f B mii£^ 

[0 0 9 2] £ h ^ife^J 6 O«j§<0 L Df^f-O p 

m-to zixi±pm^>9? hm&\ &&hmizA do 

h n-AtTF) > B (10t>n^n- 
/0 . C (30t/^X^-A) , D (1 50t>^* 
XFu-A, ^lifcW , E (5 0 0*>^Xhn- 
A) , F (0. 2^m) , G (0. 5/im) , H (0. 

p«3 > * * MB 2 0 coRffli 5 0 0t>nFn-A 
WT, $<bUSFf U<ii3 0 0^>^X hn-AJ^TT* 

7 7 Kl 1 9 Lt < ^>/:^, p^t<7) 

[0 0 9 3] (Jttt«2) *10WOU-f*K* 
v>T, nfflij^ 7 *y Vm 1 4 S: S i £ 1 X 1 0 1 9 /cm 3 
K-^L^nlA 1 o. 2 G a o. sNJ:t)^^SlO 

7 > K-fOG a N X *) ££Sg2 0B£ 1 2 0*>^* 
hn-AOlftffif^^ 0. 6 ,u mO^Jf HI 

oiOJSl c7)^^^2co®OBIIf iff < Lfc« 

£6. 5 k A/cm 2 -caflHMK^MeStL, WMl*aE* f 

7. 5vt*ot 0 &*cou-+»iitt»r«ti-c 40 

[0 0 9 4] [*«|«7] **«6U*5V»T, p 115 * 9 
7K119^Mg^lX10 - °/cm 3 K-nfcA 1 
o. 2Gao. s N> 60t>^XFD-AJ:^^^ 
lOii:, Mg^lxiO 2 o/cm 3 K-^l^pIG 
aN. 4 0t>/Xfn-AJ:i)^^i2^i^li 

tB«Wl/-f«?i:ttRt4o oil). ^te^J6C0p 



4tS 2003-101160 
JO 

o/jtf\ 2 0RFHU±^#^i^L/co 
[0 0 9 5] [fttkffl8] *tft«7U*5^T. $«pCn 
f|^77Kil4zSirlX10 1 9 /cm 3 K-"7*L 
/:niAlo. 2Gao. s N> 6 0 * > h n - A 
«t I) 1 <7>*f S i i 1 x 1 0 1 9 /cm 3 K-*7* 

UnSGaN, 4 0 * > h n - A J: i) IS 2 <T> 

[0 0 9 6] [^Jfe0lJ9] HiftWlUiS^T, *2*V< 
77T1112 £iS;«£-£-f ic, Si U7pi"ioU> * 

1 <D/<y 7Tll 1 <7)±U. *S n HI ^ > 9 ? YM \ 2 
t LTS i i 1 X 1 0 1 9 /cm 3 K-7'lf:nSGaN 

ir5^mSfiH^c *<r>m*. *ifep«i traffic* 

(liov^r, ni^77K114r20t>yxM3-A 
OS i (lX10 19 /cm 3 ) K-^nlAlo. zQ 
ao. s N X «9 fc£*l OSt. 20t>^^D-A 
<DT> K— "7*G a N J: *3 2 OJf SrffiJg LT& & 

«BW0. 4 ^mO^^T-«itti-^>o S<bUp«*9 
7K119^2 0t>^^hD-A <7)M g (1X10 
20 /cm 3 ) K-7-piAlo. 2Gao. s N <fc & 
^glOit, 20t>^hn-AOMg (1X10 
-o/cm 3 ) K-^pSG aNJ: ») 2 OJB 

ILT^^tlf 0. 4 /i m<J0Mt&^-1»it^-r^o £*b 
tzS?tp1H3>^^ h Jf 2 0 i^iS0!l 1 O J: -9 iz 1 5 0 
^>nhn-A^Mg ( 2 X 1 0 2 0 /cm 3 ) 
plGaNtL/ctl^, HttlitM3. 3kA/cm 

2 T% 4 0 5 nmCOlSHS^lfE^n, MltVE^ 
5. 0 V, #^4> 3 0B#Pfli^±i^t7^o 

[0 0 9 7] [**m 0] *tt«9K*5V*T, nffll^ 
7 7 Ki 1 4 0jgfi?*»«t^*2 0i«:, S i £ 1 
X 1 0 1 7 /cm 3 K-^LfcG aNttStli, 

Aba. mmm9 tmmzLxftmLtzis-*fm*ii, m 

[0 0 9 8] [*itWl 1] *»«9i:iJ^ nffl^ 
77K114S:l|*n»20ii, Si 4:1X10 
1 9 /cm 3 K-yLtnSIno. oiGao. 9 9 N 

7 v 1 4 0®f&?-£1*j£;1-&i£2 
InGaNtU »1 Of t » 2 <om t <D^$LW&JSl £ 

[0 0 9 9] [*«t«l 2] IE*fc«9iCi5^T. nffll^ 
7 y KS 1 4 £HtJ£-f lOf (Si : 1 x l o 1 9 
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3! 

/cm 3 K--/A 1 o. 2 G a o . s N) <F>mW-5: 60t 
>Whn-i,H, |2^i^Sirlxi0 19 / 
cm 3 V--7Ltz4 0^>V^ Fn-AOGaNtU 

mmo. 5 ^mcogwiii^t^o se>upfi^^ 

KB 1 9 §&l<0/f (Mg : 1 X 1 0 2 °/cm 

3 K-fAlo. 2 G a o . s N) Oft^HS: 60t>^' 
* hn-At U »2<7)i (Mg: 1 X 1 0 2 0 /cm 3 
K — : G a N) ORI¥€:4 0t>^ hn-At U 

y KB 1 4 Wt^)gl<7)iU2^I^ K-^fi* 
I^CULT, IWSSrSEftS-*, pi^77K119r| 
1 OB t « 2 <nm t OIRfftSEft S**flfe«±. 

tlSiSSS 3.4k A/cm 2 t\ 4 0 5 n m^3Sa 
KB1 4tiStl>*2 0i (GaN) OS ijft 

stixio 1 7 /cm 3 fc-r&ffit±*ifcm 1 ^ra#o 
[oioi] [«*m 4] **m i k*5^-c. n « 

^77K114^i*nS20i (GaN) £7 > V 

[0 10 2] 5] **S«9Ui5V>T, nil? 

7 7K114iSi^lX10 19 /cm 3 V-VLtzn 
iAlo. 2Gao. sN(- "CO. 4yumJ&fi£-£& 

*#«iSUi5v*-r. pM?7 v KB1 9 0<fc£mfc{ajl 
(7)J:^:Mg^lxi0 2 °/cm 3 K-^L/:pMA 1 

0. 2Gao. sNJ:|)44*l OS. 20t>^F 
n-At Mg^lXlO 1 9 /cm 3 K-"/LfcpIG 
aN<t *9&&f£20B2 0*>^hn-^tfre>44 

AOMg (2X10 2O /cm 3 ) K-7'pIGaNH 

/:t:^>, rai: < BMi«i3£*K 3 . 4 k A/cm 2 r% 4 

0 5nm^l*««3MIB?^ WMEMt5. IV, 

[0103] [«Mi0ii 6] nmmi s^^t, P n 
^77 Kii 9 twtiatt^ioift* i ob 

(Alo. 2Gao. 8 N) 4:60*>^hD-At 

1, ^201 (GaN) t40*>^H3-AtU 
«BU &flt£0. 5^m^i-^)1t&(i^Jfe0IJl 4 t 

[0 10 4] [H*«l 7] **«9U*3V»T. piffl* 
77F119*Mg^lXl0 2 °/cm 3 K _-/ L fc p 
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SA 1 o, 2Gao. sNf-t'0. 4 // mfiEU £ 

**»ai:fcv»T, nffl^77K114^?:ifiWll 
OJ: -7 C S i £ 1 X 1 0 1 9 /cm 3 K-^LtnSA 1 

0. 2Gao. sN«tH^Sl Of, 20t>^Xh 
D-At 7>K-^GaNJ:55i«2^120* 

hn-Ai7&*fc&£ig:flSI¥0. 4//m^t# 
gtL, pH9n> hB2 0riMl<7)i: 

-7iZl 5 0*>?~* hn-AOMg ( 2 X 1 0 2 0 /cm 
70 3 ) K-7'pIG aNi Ltzt W\C < Htt«8E« 
JS3. 5 k A/cm 2 T% 4 0 5 n mOggtfHtTWISS 
it, H^SmEii5. 4 V, 1 O^Bttii/TL 

[0 10 5] [Hjfc«l 8] HSfctfiJl 7Ci3V^, nffl 

^77FiH *««i-*«» : FB<a»ws:* i <r>m 

(Alo. 2Gao. s N) £ 7 0 * > 7 * h n - A t 
L, ^2(7)f^Sirlxi0 1 9 /cm 3 K--TL£ I 
no. oiGao. 9 9 N. 70t>^hn-^tL 

tsiL, o. 4 9 fjLmt-thmtmM.nl 1 1 

[0 10 6] [HSfcffll 9] mtkWl 7 1Z&\,*X. nffl 

kbi 4 zmfc^ &mttm<Dmwzm i <om 

(Alo. 2Gao. sN) £ 6 0 * > h n - A t 
U SI20B (7>K-7'GaN) t40t>^^hn 
-A<hLT«BU SJRW0. 5 // mi:i-^1feli^J£0IJ 

1 6 tmmou-^m^z'&tztz^. mmmi i t~Jt 
o^w^o^i^^i^-^ss^flifeti^o 

[0 10 7] [Hifefll2 0] **«9U*5V*r, 
nfflbfctf'f KB 1 5 *T> K-"/OG a N J: D *4» 1 

01, 20t>^^fn-Ai, 7>K-7 P OIn 
o. iGao. 9N<t^^S2^i, 20t$:Bil 
T^4fli8 0 0*>^* fn-Aoaftfitt 
4 e ^ttUSn^T. P fflWKil8t7>K-^ 
GaN^^^^lOi, 20t>nhn-At, T 
>K-7'OI no. iGao. 9 N <t *) tth % 2 Of, 

40 y^xhn-^^Wiiltt^o oil}, iUO^ 
*«flc»CiJV*T, nl^77 KB 1 4 , nl**^ Ki 
1 5, piM^f KB 1 8, Xtfpfl!*^ v KB 1 9 i 
^^^T-«^^t. S*bUi/cpffll=?>^^ hB2 0* 
Hiffe^lOii^Ul 5 Q*>7* hn-AOMg (2X 
1 0 2 0 /cm 3 ) K-fpIGaNiU:t:^>, HtiK 
9 k A/cm 2 T% 4 0 5 n mO^HiS^ 
itttSftx HffittBE(i4. 4 V, 6 0WBJJl±«: 

[0108] 2 1 ] ^iSWiid l^LEDS 

50 ?t7Ci:RWt4o tn«i:LTt7T>f7J: 
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33 

5 4:4ifilW±i:G a N X *) 7 ?f 2 £ 2 0 

0 hn-AO|RJ¥-C«;fiS-**\ &v*"CS i £ 1 

X 1 0 1 9 /cm 3 K-"/LfcniGaNi5i:i)3>^ 
* MBS: 5 ^ mOllt'SgHs *U I n o . 4 G a 

[0 10 9] (plg^i) ifcK, Htfcfll 1 tH^U 
It, MgrlXlO 2 °/cm 3 K-Vt^pMA 1 
o. :Gao. s N J: 0 1 <OSSr 2 0 * > 7* h 

□ -A(OlfT*tI^^ at^TMgS: 1X10 19 / 
cm 3 K-^L^:pIGaNJ:»)i^*2Ol«:2 0*> 

XhD-AH±, 2^mtlT, S*>U»i L < Ii5 0 0 

10 1 1 0] *::Opi^7 7 Ki5 0±CMgr 1 
X 1 0 2 0 /cm 3 K-T'l^pIGaNl^O. 5 M m 

pl^/^M6«^i7f >^'?:ff^nil 
9 t^rtl"'** n1ffl=J>^^ Ml 3<7)*®£ftfcB£-£ 
£ c Sli<7)pfl3>^ Mt6*Ni(?£ffii::B«¥2 0 
0 * h d-acon i-AuJ: ■) ££3t7fc1±<r> p % 

®l~ *>T i —A 1 J: ^^nlS9^!»t^)c 
[0 111] a±<OXn ULT*S*«*Lrt:'* 
^35 O/i-m^fy^ILTLED^t Lfcfc 
C^, I f 2 OmAC^^t 5 2 0 nmO£tfef§7fc£^ 
L, Vfli3. 2Vt*o/: e CtiUttU v v 

Ki5t*-OMgK-7*Alo. 2Gao. sNt« 
f&L^LED^OV f <*3. 4Vt*ofc e $ <b Ufl? 

2 f»tl±o»*»E 4: * L T 

/Co 

[0 112] [^Sfe0lJ2 2] HSS0B2 1 ICU^T, P« 

50*>^Fn-AtU g2Oi^Mg^lxl0 
20 /cm 3 K-7^l/:GaN, 50t>^XhD-At 
LT. *ix-ftl2 5«»«L, tt«W0. 25//mOg 
t&T- 1 -T h ffeli L T L E D ^T- £ VttiL 1 <h C 
^liti#J2 1 t(i(?ra^0^14t*i-^LED^^ ? 

[0 113] [*»*J2 3] %tt0I2 1 Ui3V>T, pffll 

A^)«Wt LT. «:BUf 0. 2 5^(7)^?^^ 
(im*ULTLED*^*ft*Lfcfc Vfli3. 



(18) #02 0 0 3- 1 0 1 1 6 0 

[0 114] [HSS0J2 4] H*£0O2 1 (CilV>t\ nffl 
h«3 4:«ftS**RI* Sir2X10 1 V 
cm 3 K-7'L^nIA lo. :Gao. s N J: 0 4** 
lOiSrGOt/nFD-A, 7>K-7 , OGaNi: 
l)fc**2«OBS:4 0*>^* h n - /.OBIff T'SEft $ 
fii?n»10f^ 5 0 0i, i2Olr 5 0 0i 

tWl 2 t|B]»i:LtLEDftr^SL/:t«:^, 
70 HC< I f 20mAi:iJV^ Vfli3. 1 VCftT 
U &mBtS(iSE*l^lt$3cit«cLT2. 5«J3L±um± 
Lfco 

[0 115] [*tt«2 5] *ttM2 3Ui5V>T\ pffl 

K@ 5 Zmfc-tZmfe+^m 1 (A 1 o . 2 
Gao. sN) <7)BI!?£6 0*>^X Fn-Ai: U * 

2<D/f co]jm£4 o h u-ut it, -eti-rti 

2 5l«Si:*iLT, «RI0. 3 M mt-fZ>mm 

3. 2vr% »«»E(iee*o2«ja±-e*o^o 
20 [0116] [^js^fl 2 6 ] *mmmi*m 4 u^-t \» - 

H 2 <hH££t::*>li, *«1 OKGaNJ: ») 
fc£2S«l 0 1 Srfflv^Tv^ t ^2^s-777 
ill2t«ftS*fi:, nI^»»tK-7'L^3 
<D/<v7rm 1 1 3 4rf£:ft£-£-0*& t Z?>{Z3oZ>o - 

* O 

[0 117] Jft7r>f7SS±i:MOVPEft, £ 
30 KliHVPEft^l^t, S i * 5 X 1 0 1 8 /cm 3 
K-7LfcG a N/f£I5£ 3 0 0^ mt«gH/A 
f77^7ifiS:i*UfS3 0 O^mCOS i K-7 
G a N£4E 1 0 1 tftUK+Ao G a Nit lOlli, £ 

0 J: ^ t:«ft»**#i:*i4*«0±[:, 0 
0^mW±oiiSJ?r*AS$-^^^ f(7)llifitii 

*oT»ib*l*o GaN*Kl0 1li7>K 
-yttl^U i/:niWi^ K-7 , LTftSlt 
«>&v\> nSTOISi K--7*i-**&^UIiiI#l x 1 0 

1 7 /cm 3 - 1 x 1 0 1 9 /cm 3 Of£B-e>F*MSl4: K- 
40 7-T * <h efl14?> j£>* G a N*«* f » «b ft* 0 

[0 118] G aNl«l 0 lftfUtt, 10 5 0 

ruLT. S i £ 3 X 1 0 1 8 /cm 3 K-7Lfc niG 
aNJ: «9 £&i£3 <0^ ;> "7 rJf 1 1 3 £ 3 M m^mW'C 
j&mZ+tZo 4ri3i3 0A7 7 7ll 1 3<iHK H2 
Ufcv^Tn1H3> ^ ^M14 tctliM1-£Jf T-*>&7^\ 

t(iWt>i"\ 13 0/^7 77il 1 3tv^ 0 4^Ga 
N*«l 0 1 1:13^77711 1 3 t<Dmz, %M 

m 1 1 ra»u Lriat«*$*4»i o^7ris: 

50 Sg^^Ttav^\ gl(?)^'777iS:SS$^4S 
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[0 119] *i:$3^<y7T| 1 1 3<0_tU, ^ifc 
0J1 fcWttUS i £5X 1 0 1 8 /cm 3 K-^Lfcl n 
o. iGao. 9 N* ») ttht 7 v ? ESiLS 1 3 £ 5 0 
0*>^^ h n-AORJf-efiKft$*4o Sir 
5X 1 0 1 s /cm 3 K-7*U:nIA 1 o. 2 G a 

S i & 5X1 0 1 8 /cm 3 K-"TLfcG aNJ: 

2 Off 2 0*>^*hn-Ai:£l 0 OIU^cSUWWL 

V 1 4 ZJ&mZlt&o ^UHSfcfll 1 fcHttU^ S ir5 
X 1 0 1 8 /cm 3 K-7*U:nIGaNJ:^^ nffift 

KB 1 5 £ 0. 1 fx mOiSt^S^^o 
[0 12 0] 7>K-^Ino. 2 G a 0. sN 

J:»)i^#pi, 2 5*>^x ho-At, T>K-"7 
GaN^) &4KgJI 50t>^'X h n-A fc 

H 1 75t>^*x h n-AO^fiB:T*#P«it (MQ 
W) <or&14*f l 6 Zf&m2*£Z>o 
[0 12 1] %ttffl 1 tH**^ Mg£l X 1 0 

2 °/cm 3 K-^L^pIA 1 0 . 3 G a 0 . 7 N J: »9 
^^pl^rry/il 7S:3 0 0*>^ hu-AOHfl 
J?-CJ&{|£-ti\ Mg^lxlO 2 °/cm 3 K--/L£p 
MGaNJ:*)^4pffll7t^^ KW 1 8*0. l^m« 

[0122] *U*lfc« 1 PlttSU LT> MgilXl 

0 2 0 /cm 3 K-^LfcpSA 1 0 . 2 G a 0 . s N X 
*)£4J&10J1. 20t>^hn-At, Mgrix 

1 0 2 °/cm 3 K-^L7tp3!GaNJ:l95:4»20 
m, 2 0*>y* h n-A J: V) 4/im 

(Dmfej-mx dwp«^9 7 kii 9*r^flcu s» 

pl^77 KH1 9 0±U. Mg£2X 1 0 2 °/ 
cm 3 K-7'lf:pIGaNJ:l}^^pI^>^M2 
0 £ 1 5 0t>^X hn-AOMJ¥"edt:ft$-£4o 
[0 1 2 3] KI&*T«, 7 0 0W--'J>^1/: 

%nm\ tpiti:, RiE8icj:i)ft±«^p« 

3>^ni20t, pi^77Kil9tii7f> 
^*lt, 4 j« ra<OX h 7 ^ y»B*tt4 'J 7 «t t 

[0124] xtfcm tni:<pi«3>^^h* 

20O^h7^'J 7vSfI^)(il?tH:N i tAu 
J:i5^^plS2 1^ML> GaNMl 0 1 OSI 
T i t A 1 «fc 0 &4 nt!2 3 SrffM-*" 

4c 

[0125] 2t*i, H 4 UTjrf J:^:p ^ffi 2 1 offiffi 
£E&<, pM^y y Kil9^Si02i *)&4*fe*fBg 

2 5WU :o*»R2 5t^Lt, PSS2U 

[0 12 6] P «I2 1 USitft*|pl"eG 



(19) #gfS2 0 0 3 - 1 0 1 160 

aNS«l0 1*^-«i:*BL, »HffiU*«S*ft 
^i-4o SrUGaN«fiO!WlffillMiBi:t4o EBBS 
(IS i O2 t T i O2 J: i)ft«t»m^«H«r»AL, 
S^Upm&l^frfc^ffiJT, /<-*«JSrLTig4U* 
■Tlx— if*? -Tfc L£o *i:f7^7x-XT7-/ 

T\ H11ttiE*K2. 5 k A/cm 2 . 6Mt«EE4. 0 V 
70 T\ 3§M?£K4 0 5 n mO%tt%£4*tte$il. 5 0 0 
»HIBl±^»ftS:^Lfco -it(ii«i:GaN^ftffll 

<t4o 

[0 12 7] 

¥*1&<i-4^i:^T^4o :iii:<tot, ffilxJfLD 
*?OIMt*», Wfl[*BES:fi<-C*. f£#?£;K#fr 
tn-t^S^e S?>ue£*OLED(i»«SvUS8 

S4o ^IfeWoaffc^SfMlf^UJintf, LED, L 
[Hffi<7>«*^Si^] 

[H 1 ] *«9iU«4*ifc®ff, 1 0Bft«#i#*T- 
(LED*?) <0««Sr^-r**BfffiH"C*4o 
40 [B 2 ] *»W(C«4*I6S!R 2 0«ft»*»#«? 
(LDt?) 0«ftS:^i-*S:IBfWH-C*4o 
[0 3] OLD*?U*5Ct*p 

[El 4] *»W^«4**«2 6 0LD*?Ofll*IBf 
[ff*^RW] 

k 10—— 

2. 1 1 • • • • A f 7 7rS> 
50 3. 1 2 • • • • nIn>^^M, 
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(20) 

37 

13 ^77 ?P*ikB> 

14 nl^77Ki (gteT-f) . 

1 5 • — • nffl**M Vm, 

4. i6 • ■ • • nam. 

17 4t7 

is pfflfttf-f K*i> 

5. 19 p$J*7 ? K* (^t&T-S) > 

6 , 2 0 • • • • pffl^ > * 9 I^S- 



JRpH 2003-101160 
J5 



7,2 1- 


• • • pfl;S> 


8, 22 • 


• • - p/<? Km®. 


9, 23 • 


• • • nig, 


24 • • • 




25 • • • 


• efHL 


101 • ■ 


• • G a N^IS, 


112-- 


• • 12^^7771, 


113- 


• • ^ 3 (7)/< y 7t| 0 




[0 2] 



\S%0=7-J KB 19*. 
pm^'-f KJB 18 * 
^-t-y-r® 17, 

rrfflbfc#-r Kg 15 
nffl^^y KB 14 — 
^SfiihiB 13 

S4E10- 




n«»23 

§|2£MW7 7'S112 



[114] 



p«**" JH18 
4t77* B 17 
Steffi* 

iklgl3 
^3 OA' 777 If 113 

GaN S K-101- 




P mm2i 
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(21) 
[03] 



#12 003-1 0 1 1 60 




7D> h^-v<7>Sc£ 

(72) §§93# *£— F *-<M##) 5F041 AA24 AA43 CA05 CA34 CA40 

® f ^iffrHmTfT±4 3 W^491#*fe100 BEffc CA46 CA65 

^X^ffc^ttfa 5F073 M11 AA13 AA45 AA47 AA55 

AA77 CA02 CA03 DA05 EA23 
EA28 
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